INTRODUCTION {#Sec1}
============

SARS-CoV2, a deadly virus belonging to the family Coronaviridae, primarily targets the pulmonary system and manifests with symptoms of moderate to high fever, dry cough and difficulty breathing, pneumonia, and respiratory distress. The emergence and outbreak of microbial infections depends upon several factors including the mutability of microbes, the distraction of human and microbial environments, and human experiments on new microbes. The epicentre of COVID-19 infection was in Wuhan, in the city of Hubei, China, from where the disease surged on December 29, 2019, and spread quickly to the rest of the China ([@CR1],[@CR2]). The World Health Organisation reported COVID-19 as pandemic on March 11, 2020, and declared a Public Health Emergency of International Concern against COVID-19 ([@CR3]).

Up to today, 8 July 2020, the COVID-19 outbreak has spread to 215 countries as reported by the World Health Organisation. Almost 539,026 deaths have been reported around the globe, with nearly 11,635,939 cases are reported as confirmed cases of COVID-19 infection. The highest number of deaths has been reported in the USA (129,963), followed by Brazil (65,487), Italy (34,869), Mexico (31,119), Spain (28,388), India (20,642), Iran (11,931) and China (4648). In USA, a total of 2,923,432 people have been infected, which makes it the most affected area in this pandemic ([@CR4]). These numbers are growing on a daily basis. Unsurprisingly, this sharp upsurge in the number of infected patients has instigated widespread panic among the population. Scientists around the globe have been looking for possible detection and treatment strategies since the beginning of the outbreak. In this regard, the first genome of COVID-19 was published by Prof. Yong-Zhen Zhang and colleagues on 10 January 2020 ([@CR2]). However, there is only limited data available on the clinical diagnosis, treatment and control of this deadly virus.

Owing to the devastating conditions of the COVID-19 outbreak, the unavailability of a vaccine and its deadly influence on human health, it is important to understand the available detection tools recently approved by the FDA or health authorities of other advanced countries and possible treatment strategies to fight this lethal virus. We therefore conducted a comprehensive review on potential detection and treatment strategies related to COVID-19. This review will provide a brief description of the clinical diagnosis and therapeutic drug delivery options. Furthermore, this review will provide information on COVID-19 as a basis for further, extensive research. It may also provide a good background for various government and private organisations to develop diagnostic, treatment and preventive strategies against COVID-19 and other such viruses to support public health. Moreover, we aimed to increase knowledge of the clinical expression of COVID-19 infection to further establish and reinforce a timely diagnosis and treatment of the infection in order to reduce mortality rate.

DIAGNOSTICS {#Sec2}
===========

Due to the unavailability of satisfactory treatment and vaccination, the management of COVID-19 depends upon the timely diagnosis and standard (symptomatic) treatment yet. Thus, for timely detection of virus, efficient diagnostic strategies (enlisted in Fig. [1](#Fig1){ref-type="fig"}) should be required to opt. The detail of these diagnostics along with clinical manifestation is also discussed below.Fig. 1Diagnostic approaches for COVID-19

Advance *In Vitro* Diagnostic Approaches {#Sec3}
----------------------------------------

*In vitro* diagnostic (IVD) approach relies on either the principle of viral genetic material detection or the host antibody, against COVID-19, detection, in the host specimen. The detailed comparison between these two COVID-19 diagnostic approaches is stated in Table [I](#Tab1){ref-type="table"}.Table IComparison Between IVD-RT-PCR-Based Technique and Immunoassay-Based TechniquesParameterPolymerase chain reaction (PCR)--based techniquesImmunoassay-based kitsSamplingNasopharyngeal swab, salivaBlood (10--20 μL)Component to be detectedEnvelop (E) geneRNA-dependent RNA polymerase gene ([@CR5],[@CR6])Antibodies (IgM-IgG)Stage at which infection detectedAsymptomatic or subclinical infection can be detectedDetection is usually when the immune system starts responding to infectionAverage result timeWithin few hoursRapid device (Xpert®)---app. 40--45 min10--20 minCLIA-based kit (designed by DIAZYME)---50 tests/hSpecificityHigh ([@CR5])High ([@CR5])CostHighLowResults validityHigh sensitivity to SARS-COV-2 viral genes ([@CR5])Possibility of false negative results as IgG level appears in blood approximately 20 days post-infection\* ([@CR7])*PCR*- Polymerase chain reaction; *CLIA*- Chemiluminescence immunoassay; *IgM*- Immunoglobulin M; *IgG*- Immunoglobulin G; *RT-PCR*- Reverse Transcriptase- Polymerase chain reaction; *SARS-COV-2*- Severe Acute Respiratory Syndrome Corona Virus-2\*But recommended to be used when there is fall short in RT-PCR facility

Viral Nucleic Acid Detection {#Sec4}
----------------------------

### Real-Time Polymerase Chain Reaction {#Sec5}

For the confirmed diagnosis of COVID-19, viral genetic material identification in the patient's body is strongly recommended. Real-time reverse transcription polymerase chain reaction (RT-PCR) can be used for the detection of COVID-19 nucleic acids in nasopharyngeal swabs, lower respiratory tract secretions, sputum, blood, faeces and other specimens. A graphical illustration of real-time RT-PCR is shown in Fig. [2](#Fig2){ref-type="fig"}. At the start of 2020, a German scientist suggested using the RT-PCR test for the detection of SARS-CoV-2 as it has high accuracy and precision ([@CR8]). Conventional RT-PCR for virus detection can sometimes be associated with false negative results, particularly in the early stages of infection. To bypass this issue, more advanced RT-PCR diagnostics are needed ([@CR9]).Fig. 2Graphical illustration of RT-PCR

NGS (next generation sequencing) is an alternative approach that can be used for this purpose; fortunately, it is more advanced and rapid compared with PCR ([@CR10]). The mutation of the pathogen can also be checked by NGS. In order to obtain accurate results, the sample should be taken from the lower respiratory tract ([@CR2]).

### RT-PCR-Based Rapid Test Devices {#Sec6}

Recently, the FDA has given approval for the first rapid detection test kit for COVID-19 detection for use under an Emergency Use Authorisation (EUA) developed by Cepheid. It can detect COVID-19 within approximately 45 min. Samples are collected *via* nasopharyngeal swab or nasal wash and are prepared in less than 1 min. The technique used in this is RT-PCR and the kit has the required probes, primers and internal controls with it. The GeneXpert® instrument system (mentioned in Table [II](#Tab2){ref-type="table"}), present in qualified laboratories in the USA, is currently used to perform this test ([@CR12]).Table IIRecommended COVID-19 Nucleic Acid Detection TechniquesOrganization conducted the studyTest principleSensitivity of testManufacturer/commercially available devicesReferenceHuazhong University of Science and Technology, Wuhan, ChinaChest CTRT-PCRChest CT 97%RT-PCR 59%-([@CR11])Fred Hutchinson Cancer Research Center, WA, USAReal-time RT-PCR84.6%Xpert® Xpress by CepheidRoche Molecular System([@CR12])University of California, San Francisco, USACRISPRNot reportedCepheid Sherlock BiosciencesMammoth Biosciences([@CR13])Wuhan Institute of Virology, ChinaIsothermal nucleic acid amplification technology95%Abbott® ID Now([@CR7],[@CR14],[@CR15])*CT*- Computed Tomography; *RT-PCR*- Reverse Transcriptase- Polymerase chain reaction; *CRISPR*- Clustered Regularly Interspaced Short Palindromic Release

Isothermal Nucleic Acid Amplification Assay {#Sec7}
-------------------------------------------

Due to confrontation of inadequate RT-PCR sensitivity for COVID-19 diagnosis, more advanced nucleic acid detection techniques were recently investigated including isothermal technique. It was found suitable for the detection of very low quantity of viral RNA (genetic material) and it can affectively be used as an alternative technique to RT-PCR ([@CR16]). Two companies have developed the rapid detection devices on the basis of these techniques, stated in Table [II](#Tab2){ref-type="table"}. An isothermal nucleic acid amplification--based device developed by Abbott under the trade name of ID Now® has obtained FDA EUA ([@CR7]).

CRISPR Nucleic Acid Assay {#Sec8}
-------------------------

Another advanced technology for nucleic acid detection is the use of Clustered Regularly Interspaced Short Palindromic Release (CRISPR) using myriad bacterial enzymes such as Cas-12, to detect viral genome. In comparison with real-time RT-PCR, this technique ensures rapidity and better sensitivity for COVID-19 nucleic acid detection ([@CR13]).

### Antibody Detection Immunoassays {#Sec9}

#### Lateral Flow Immunoassay--Based Kits {#FPar1}

Just like the rapid pregnancy strip test, lateral flow immunoassay--based techniques for COVID-19 have been developed for rapid diagnosis ([@CR17]). This mode of diagnosis requires a significantly low quantity of sample (10 μL of blood) along with a detection time of less than 15 min. A US-based company, BioMedomics, has developed an IgM-IgG-based rapid test kit and obtained approval from the FDA for distribution in the USA. In addition, several other companies have also developed serological testing strips ([@CR18]). Though the standard COVID-19 test is nucleic acid detection by PCR, these antibody detection-based techniques have comparable sensitivity and selectivity to RT-PCR and are recommended to be used when RT-PCR facilities are not available ([@CR19]).

#### Chemiluminescence Immunoassay--Based Kits {#FPar2}

Recently, Diazyme in the USA developed a chemiluminescence immunoassay (CLIA)--based IgM and IgG rapid detection test and also gained FDA EUA. It runs on an automated analyser, with a throughput of 50 tests/h ([@CR20]). On a similar detection principle, the Chinese company Snibe has developed the MAGLUMI CLIA analyser for the detection of IgM and IgG in patient samples ([@CR21]).

Conventional Diagnostic Approaches {#Sec10}
----------------------------------

### Physical Examination {#Sec11}

This strategy involves the diagnosis of the disease based upon physical signs and symptoms. Some patients have only mild symptoms with fatigue, and low fever in the absence of pneumonia, whereas patients with severe cases demonstrate dyspnoea, lung crackles and dullness to percussion, as reported by Jin *et al.* in 2020 ([@CR2]). Patients with severe disease may progress to acute respiratory distress syndrome, dyspnoea (after 1 week), septic shock, bleeding disorders, difficult to correct metabolic acidosis and even multiple organ failure. Those in severe or critical condition could show a low to moderate fever ([@CR22]).

### Imaging Examination {#Sec12}

CT imaging of the patient is strongly recommended for the diagnosis of patients, as reported by the researchers at Zhongnan Hospital of Wuhan University. The sensitivity of CT scan, however, for COVID-19 diagnosis is appeared to be 97.2% ([@CR23]). It has been reported that CT imaging of lesions may exhibit major distributions in the subpleural region or may barely exist along bronchial vascular bundles. A quantitative analysis demonstrated the existence of randomly one to two and often more than three lesions. Their morphology was observed to be nodular, lumpy or patchy. Moreover, the density was found to be mostly uneven with a condensed bronchial wall. Other associated indications vary from air-filled bronchi, enlarged lymph nodes (mediastinal) and rarely pleural effusion ([@CR2],[@CR24]).

### Laboratory Examination {#Sec13}

#### Haematological Examination {#FPar3}

By assessing haematological variations, COVID-19 can be provisionally diagnosed. As reported by Jin and colleagues, initially the number of lymphocytes decreases, and the number of monocytes remains normal or increases, whereas the total leukocyte count remains normal or decreases with advancement of the disease. In cases where a significant decline is observed in CD4+ and CD8+ T cells or when the lymphocyte absolute value falls below 0.8 × 10^9^/L, attention must be given with routine rechecking of blood counts every 3 days ([@CR2]). Similarly, elevation in muscle and liver enzymes, *i.e.* myoglobin and lactate dehydrogenase, is observed in some patients ([@CR22]). Elevation in C-reactive protein and a higher erythrocyte sedimentation rate with normal levels of pro-calcitonin are also seen in many cases. Elevated D-dimer levels with decreased peripheral blood lymphocytes are observed in severely ill patients ([@CR25]). Moreover, among critical patients, troponin levels are also elevated. Inflammatory factor levels are also observed to be increased in both severe and critical patients ([@CR2]).

#### Pathological Changes Observed from Biopsies and Autopsies {#FPar4}

During the recent COVID-19 pandemic, autopsy and biopsy studies confirmed that the pathological basis of this disease is alveolar damage, with the organisation of exudates in alveoli and fibrosis in the lungs. Lymphocytopenia and necrosis can be observed in the spleen and lymph nodes. Necrosis can also be observed in myocardial tissues, but the observed heart and liver changes can be attributed or limited to underlying diseases ([@CR22],[@CR26]). However, these invasive techniques are not recommended for routine diagnosis.

#### Additional Laboratory Testing {#FPar5}

For monitoring the improvement of a patient's condition, other laboratory tests such as blood gas analysis (oxygenation), liver and kidney function tests, myocardial enzymes, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), percutaneous nephrostomy (PCN), lactate dehydrogenase (LDH), D-dimer, urinalysis, coagulation image, 11 items of the tuberculosis (TB) subgroup, inflammatory factors (IL-6, IL-10, TNF-α), complement and anti-acid staining can commonly be used. Moreover, CRP and PCN can be assessed. The existence of a bacterial infection in the lungs should be determined as these inflammatory factors are commonly elevated in such sort of infection ([@CR2],[@CR22],[@CR25]).

TREATMENT STRATEGIES {#Sec14}
====================

Pathogen-Targeting Strategies {#Sec15}
-----------------------------

Despite the rapid progression of the COVID-19 pandemic, unfortunately, anti-virals or other drugs still are yet to be approved for the treatment of COVID-19. However, the sudden outbreak has compelled the repurposing of already available drugs (described in Fig. [3](#Fig3){ref-type="fig"}) that have been documented to possess activity against HIV, MERS and SARS-COV-1.Fig. 3Mechanism of action of major repurposing agents against COVID-19

### Anti-Virals {#Sec16}

COVID-19 is, in fact, an *RNA betacoronavirus*, and its genomic sequence and various enzymes are similar (80--90%) to those of the severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS) coronaviruses. The use of existing anti-viral may become the mainstay to reduce viral load and treat the infection. Multiple pre-existing anti-viral agents have been tried to assess their *in vitro* anti-COVID-19 properties ([@CR27]). Protease inhibitors possess considerable inhibitory activity against RNA viruses. Thus, on the basis of lopinavir-ritonavir *in vitro* inhibitory activity reported against acute respiratory distress syndrome caused by SARS and MERS, an open-label, randomised control trial (ChiCTR2000029539) was conducted in China ([@CR28]). Unfortunately, the results were not significantly different between the two randomised groups (one group treated with lopinavir-ritonavir and other with standard care protocols) ([@CR29]). Favipiravir, remdesivir and ribavirin, *i.e.* nucleoside structural analogues, have also been reported to possess *in vitro* inhibitory activity against COVID-19. Recently, a study was conducted on five anti-viral agents to determine their activity regarding COVID-19 inhibition, *i.e.* preventing viral incorporation and multiplication inside Vero E6 cells. Among them, remdesivir was found to possess significant anti-viral activity at lower values of the half-maximal effective concentration (EC~50~), *i.e.* 0.77 μM, along with the anti-malarial agent chloroquine, with an EC~50~ value of 1.13 μM ([@CR30]).

Remdesivir, developed by Gilead Sciences, a US-based enterprise, has historically been used for eliminating Ebola virus ([@CR31]). It is a broad-spectrum investigational anti-viral agent, currently progressing through a double-blinded placebo control trial as well as a phase III open-label clinical trial, due to the abovementioned success *in vitro* Vero E6 cell experiments. In addition, it is currently being used on COVID-19 patients in non-trial areas of the USA and other countries (NCT04292899) ([@CR32]). Due to its promising effects against COVID-19, Gilead Sciences have agreed to a pact to allow Pakistan's national pharmaceutical company, Ferozsons Laboratories Ltd., to carry out production for the country's utilisation and export ([@CR33]). It is, fortunately, the only recommended anti-viral drug which can be used in patients with low oxygen saturation (below 94%) and critical patients on artificial ventilation. But its use in mild symptomatic patients is not recommended. The recently conducted trial in hospitalised patients has clearly demonstrated a significantly reduced mortality rate (from 11 to 7.1%) with remdesivir use ([@CR34]). Due to adequate evidence from the literature, a small monocular agent having anti-viral activity against influenza virus strains, adenovirus, rhinovirus and several other RNA and DNA viruses, Arbidol, also appears to possess significant anti-COVID-19 activity and is going through a phase IV clinical trial at present (NCT04260594) ([@CR35]). In addition to that, another randomised control trial has been conducted in China comparing the cure rate and 7-day recovery rates in patients randomly allocated to two groups, one receiving favipiravir and the other receiving Arbidol treatment. The clinical recovery rate of favipiravir was found to be superior, *i.e.* 61.21%, and was better than that of Arbidol (51.67%) ([@CR36]). Most recently, another broad spectral anti-viral drug, N-hydroxycytidine and its prodrug, has been found to have promising anti-viral ability against various strains of the Coronaviridae family, *i.e.* SARS-CoV-2, MERS-COV and SARS-COV, and has qualified as candidates for human clinical trials. Furthermore, these studies utilised human airway epithelial cells (HAE) and Calu-3 cells, in addition to Vero E6 cells ([@CR37]).

### Anti-Malarials {#Sec17}

Chloroquine, an old drug renowned for its anti-malarial and anti-rheumatic uses, has been found to exhibit substantial anti-COVID-19 activity, at a low EC~50~, *i.e.* 1.13 μM ([@CR30]). These adequate *in vitro* results on chloroquine urged scientists to move this drug toward human clinical trials. Due to its low EC~50~ and higher cytotoxic concentration CC~50~, chloroquine was introduced into human clinical trials conducted at more than 10 hospitals in China. The results were found to be promising in terms of lowering the viral load and disease duration as well as preventing the exacerbation of COVID-19 pneumonia ([@CR38]). The probable mechanism by which chloroquine exhibits anti-COVID-19 effects is its ability to inhibit the fusion and entry of the virus into the host cell ([@CR39]). However, due to the toxicity-mediated limitations of chloroquine, it has not been introduced into clinical trials by the NIH.

Hydroxychloroquine, a suitable alternative shown to be considerably less toxic (app. 40%) and having comparable anti-COVID-19 activity at its parent drug, is currently undergoing randomised controlled phase III clinical trials (NCT04261517) ([@CR40],[@CR41]). The underlying anti-viral mechanisms of hydroxychloroquine are an increase in endosomal pH and the prevention virus entry into the target cell ([@CR42]). Unfortunately, no convincing evidence was obtained during the recent trials to support the curing use of chloroquine and hydroxychloroquine in COVID-19 ([@CR43]).

### Antibiotics {#Sec18}

An open-label randomised control trial was performed in China comparing post-treatment virus load in three randomised groups treated with hydroxychloroquine and azithromycin, hydroxychloroquine alone and standard care. The results of this study clearly identified the superiority (100%) of combined treatment over hydroxychloroquine monotherapy (57.1%) and standard care (2020-000890-25) ([@CR44]). However, the results of non-randomised, observational study recently carried out in Michigan, USA, suggesting the combined use of hydroxychloroquine and azithromycin in COVID-19 patients is associated with significant reduction in viral load and mortality rate. However, results are not much practical due to numerous limitations of the study and negating current NIH recommendations, suggesting to avoid their use in COVID-19 ([@CR45]). According to recent updates, carrimycin, another macrolide, is undergoing a phase IV clinical trial under the direction of Ronghua Jin at Beijing YouAn Hospital (NCT04286503) ([@CR46]).

### Anti-Parasitics {#Sec19}

Nitazoxanide is an agent, previously indicated as anti-parasitic drug, that also exhibits prominent COVID-19 inhibitory activity, but with effects inferior to those of remdesivir and chloroquine ([@CR30]). Recently, Australian researchers have demonstrated the pronounced *in vitro* anti-SARS-CoV-2 activity of ivermectin, which is also active against human immunodeficiency virus (HIV) and dengue virus. This anti-parasitic agent has been found to significantly reduce viral RNA levels, identified using RT-PCR, at a concentration of approximately 2 μM, possibly owing to the inhibition of IMPα/β1, a viral protein carrier involved in replication ([@CR47],[@CR48]).

### Novel Small Molecule Anti-COVID-19 Drugs---Blocking Cellular Entry {#Sec20}

The need of the hour is to develop novel and effective anti-COVID-19 agents because of the expanding spectrum of COVID-19 infection throughout the world. Camostat mesylate, a potent protease inhibitor previously approved in Japan for various indications such as pancreatitis and flu, possesses considerable blocking activity with regarding to viral entry into the host cell *via* the lysis of TMPRSS2, a serine protease that interacts with the COVID-19 spike (S) protein ([@CR49]). Unfortunately, there is a lack of data, studies and trials on this innovative drug against COVID-19. Another entity, Arbidol (umifenovir), is believed to inhibit COVID-19 endocytosis into the host cell. This is why Arbidol is currently enrolled in several clinical trials against COVID-19 ([@CR50]). The Chinese clinical trial agencies along with the NIH are both conducting trials on the efficacy of Arbidol, either alone or in combination with the protease inhibitor favipiravir (NCT04260594, ChiCTR2000030254) ([@CR36]).

Soluble ACE2 parenteral administration results in the binding of SARS-CoV-2 spike protein, followed by inhibition of cellular endocytosis ([@CR51]); this, in turn, would result in pronounced alleviation of lung cellular injury. On the basis of these optimistic findings, a human recombinant ACE2 (APN01) was designed and shown to lead to a prominent reduction in AN-II-mediated lung injury and IL-6 levels. This evidence was sufficient to support a RhACE2 clinical trial. Currently, Apeiron Biologics are sponsoring clinical trials on the efficacy and safety of APN01, which are currently in phase II (NCT04335136) ([@CR52]).

### Host-Targeting Strategy---Immunity Modifiers {#Sec21}

#### Natural Killer Cells {#FPar6}

It has been hypothesised that there is high death rate among the geriatric population owing to their inadequate immune response. Thus, simply stabilising the patient's immune profile could be helpful toward an earlier resolution of COVID-19 symptoms. Chen *et al.* claimed that CD4+ T cells, CD8+ T cells and antibodies were found to reduce the symptoms associated with SARS-COV ([@CR53]). Thus, natural killer (NK) cells may be a reasonable candidate for clinical trials currently in phase I (safety and efficacy assessment) at present (NCT04280224) ([@CR54]).

#### Monoclonal Antibodies {#FPar7}

Monoclonal antibodies (mAbs) usually alter the immune system response of the host organism, *i.e.* a reduction in the IL-6 plasma level, which is often elevated in COVID-19 patients on mechanical ventilation ([@CR55]). However, the exact mechanism by which mAbs work against COVID-19 is unclear. Tocilizumab, a monoclonal antibody clinically approved for several autoimmune disorders, has been evaluated in terms of efficacy and response either alone or in combination with favipiravir. Several randomised studies are being carried out in China and the USA (still ongoing) (NCT04315480) ([@CR56]). Moreover, Regeneron Pharmaceuticals, in collaboration with Sanofi, are evaluating the safety and efficacy of sarilumab among hospitalised COVID-19 patients, now in phase II (NCT04315298) ([@CR57]).

mAbs also have clinical significance in myriad malignancies, *i.e.* advanced colorectal cancer, non-small cell carcinoma of the lung, renal cell carcinoma and breast cancer. For example, bevacizumab impairs angiogenesis by antagonising vascular endothelial growth factor (VEGF), which is considered to be responsible for pulmonary oedema in acute respiratory distress ([@CR58],[@CR59]). This opportunistic strategy to curb the symptoms of severe COVID-19 is currently undergoing phase II clinical trials (NCT04275414) by the NIH and in Wuhan, China ([@CR60]).

#### Interferon-α and Corticosteroids {#FPar8}

Due to the structural similarities between SARS-CoV-1 and SARS-CoV-2, interferon-α (INF-α) may boost SARS-CoV-2 patient innate immunity. In order to verify this, China has launched clinical trials to treat SARS-CoV-2 patients using combination therapy with INF-α and ribavirin (ChiCTR2000029387) ([@CR61]). Use of the corticosteroid therapy for treatment and/or reducing the duration of COVID-19 infection was previously questionable due to a lack of clinical evidence ([@CR62]). However, the results of the recent studies, a pre-test post-test quasi experiment carried out in Michigan and a study conducted in Greece, transparently suggested the beneficial impacts of corticosteroid use in critically ill COVID-19 patients having hyperactive immune system also termed as "cytokine syndrome" ([@CR63],[@CR64]). The recommendations about the use and dosing of dexamethasone for COVID-19 patients are provided by NIH. These recommendations, however, suggested the initiation of steroids in COVID-19 patients on supplemental oxygen and artificial ventilation only ([@CR65]). Zongji Hospital has sponsored a clinical trial registered with the NIH to assess the safety of INF-α2β (NCT04293887) and is currently in early phase I ([@CR66]).

#### Miscellaneous Agents {#FPar9}

Thalidomide, an immunomodulatory, anti-fibrotic and anti-inflammatory drug, has previously been indicated by the US FDA for the treatment of erythema nodosum leprosum, systemic lupus erythematous, inflammatory bowel disease, cystic fibrosis, heart failure and several malignant anomalies ([@CR67]). The anti-viral activity of thalidomide has been reported, leading to a surge in cellular immunity, *i.e.* CD8+ T cells against cytomegalovirus (CMV) ([@CR68]). Due to the enhancement of cellular immunity and significant reduction in TNF-α levels, it is presently undergoing a randomised control clinical trial (NCT04273529) in China ([@CR69],[@CR70]). Fingolimod is an oral sphingosine 1-phosphate receptor activator, currently being utilised for the treatment of multiple sclerosis. It has immune system modifying potential and leads to a significant reduction in peripheral lymphocytes ([@CR71]). Informed by these characteristics, a clinical trial to assess the efficacy and safety of fingolimod is in progress (NCT04280588) ([@CR72]) (Table [III](#Tab3){ref-type="table"}).Table IIIPromising Anti-COVID-19 Repurposing Treatment Options---Completed and Undergoing Clinical TrialsAnti-COVID-19 repurposing options*In vitro* anti-2019-nCOV activity determined (+) or not (−)Trial registration no.Current phase of trialRegimen using/used in clinical trial/sReferenceLopinavir + ritonavir+ChiCTR2000029539Completed (rejected)Lopinavir: 400 mg PORitonavir: 100 mg PO BD for 14 days([@CR28])Favipiravir+ChiCTR2000030254Completed (recommended for use in China and Japan)1600 mg/per dose PO bid for day 1, followed by 600 mg/dose PO bid until the end of the trial([@CR73])Remdesivir+NCT04292899Phase III200 mg/dose OD IV for 1 day followed by 100 mg/dose OD IV for the next 4--9 days([@CR32])Arbidol−NCT04260594Phase IVTwo tablets PO TID for 10--14 days([@CR35])Chloroquine phosphate+ChiCTR2000029542-Phase IV500 mg/dose PO BID for not more than 10 days([@CR74])Hydroxychloroquine+ChiCTR2000029559NCT04261517Completed200 mg/dose TID PO for 5 days([@CR41])Carrimycin−NCT04286503Phase IV-([@CR46])Hydroxychloroquine-azithromycin−French national agency for drug safety: 2020-000890-25CompletedHydroxychloroquine: 200 mg PO TID for 10 daysAzithromycin: 500 mg PO for day 1 followed by 250 mg daily for next 4 days([@CR44])Tocilizumab−ChiCTR2000029765NCT04315480CompletedPhase II4--8 mg/kg IV diluted in NS (single dose)([@CR56],[@CR75])Sarilumab−NCT04315298Phase IISingle dose IV([@CR57])Bevacizumab−NCT04275414Phase II500 mg in 100 ml NS IV rip([@CR60])Favipiravir + tocilizumab−ChiCTR2000030894-Favipiravir: 1600 mg/dose BD for 2 days followed by 600/dose BD for 7 daysTocilizumab: 4--8 mg/IV([@CR76])INF-α + ribavirin,INF-α + ribavirin + LPR/RTR−ChiCTR2000029387Not completedINF-α: atomised inhalation, 5 million U/50 μg per dose, BID for 14 days([@CR61])INF-α2β−NCT04293887Phase I10 μg BD in a nebulised solution([@CR66])RhACE2 (APN01)−NCT04335136Phase II-([@CR52])NK cells−NCT04280224Phase I0.1--0.2 × 10^7^ cells/kg of body weight twice weekly([@CR54])Thalidomide−NCT04273529Phase II100 mg PO every night for 14 days([@CR69])Fingolimod−NCT04280588Phase II0.5 mg PO OD for 3 consecutive days([@CR72])Dexamethasone\*−NCT04395105Phase III16 mg IV for first 5 days followed by 8 mg IV for next 5 days([@CR77])Enoxaparin\*\*−NCT04359277Phase III1 mg/kg every 12 h SC([@CR78])*PO*- Oral administration; *BD*- Twice daily; *TID*- Thrice daily ; *IV*- Intravenous ; *NS*- Normal Saline; *SC*- Subcutaneously; *DIC*- Disseminated intravascular coagulation; *VTE*- Venous thromboembolism; *INFα*- interferon-α; *RhACE2*- Recombinant human angiotensin-converting enzyme-2; *NK cells*- Natural killer cells ; *LPR*- Lopinavir; RTR- Ritonavir\*Recommended to use in patient with hyperactive immune system---cytokine syndrome\*\*Recommended to use in patients with evidence of DIC/VTE

Symptomatic Treatment Strategies {#Sec22}
--------------------------------

### Mild Infection {#Sec23}

Mild symptomatic COVID-19 patients (with fever \> 37.5°C, fatigue but no dyspnoea), suspected or confirmed cases, should be isolated in quarantine. Moreover, symptomatic relief is recommended. The fever is usually treated with paracetamol or non-steroidal anti-inflammatory drugs, and no specific treatment is suggested at this stage. Additionally, Chinese health workers and doctor also recommend the use of Chinese traditional medicine for the management of patient symptoms ([@CR79]). European guidelines, however, have supported the use of hydroxychloroquine (HCQ) in patients with confirmed COVID-19. The details are shown in Table [IV](#Tab4){ref-type="table"} ([@CR81]).Table IVCOVID-19 Treatment GuidelinesClinical stage of COVID-19Chinese recommendations ([@CR2])European recommendations ([@CR80])Italian recommendations ([@CR81])Suspected patients or confirmed patient with mild symptoms (fever \> 37.5°C, fatigue, no dyspnoea)Suspected patient must be isolated. However, confirmed cases can be confined or treated in the same room.For fever, ibuprofen is recommended (if above 38.5°C).For symptomatic relief, use traditional Chinese medicine.Isolation is recommended.For fever, paracetamol is recommended.No use of anti-virals is recommended for suspected COVID-19 patients.Isolation is recommended.No anti-virals.Only symptomatic treatment is recommended.Confirmed patients with mild-moderate symptoms (fever with persistent cough, no requirement for O~2~)For fever, ibuprofen is recommended. For symptomatic relief, use traditional Chinese medicine.Symptomatic treatment as above. Treatment with hydroxychloroquine.Symptomatic treatment with adequate hydration.Can be treated with lopinavir/ritonavir or hydroxychloroquine or chloroquine.Severe confirmed cases accompanied with increased respiratory rate and pneumoniaSupportive care in the ICU. For fever, ibuprofen is recommended. For symptomatic relief, use of traditional Chinese medicine.Use of anti-viral agents.Supportive care in the ICU, use of appropriate antibiotics to prevent opportunistic infection.Treat with hydroxychloroquine chloroquine; if hydroxychloroquine is not available, use lopinavir/ritonavir.Supportive care in the ICU, oral hydration, use of appropriate antibiotics to prevent opportunistic infection, adequate peripheral oxygenation.First line: use of remdesivir\*\*; if not available, use lopinavir/ritonavir + hydroxychloroquine or use chloroquine + tocilizumab\*Critical COVID-19 cases (acute respiratory distress syndrome)Non-invasive/invasive mechanical ventilation.If not responding, extra-corporeal life support is given.Use of vasoactive drugs to improve circulation, empirical antibiotic therapy, corticosteroids (not used unnecessary), anti-virals.In case of septic shock, crystalloids will be given through the IV route.Supportive care in ICU, mechanical ventilation, broad-spectrum antibiotics.First line: use of remdesivir\*\*; if not available, use HCQ + tocilizumab + steroidsLife support by mechanical ventilation, use of broad-spectrum antibiotics to prevent opportunistic infections.Use of systemic steroids (methylprednisolone/dexamethasone).Use of ECMO if refractory hypoxemia occurs.First line: use of remdesivir\*\*; if not available, use lopinavir/ritonavir + HCQ or use CQ + tocilizumab\**ICU*- Intensive care unit; *IV*- Intravenous; *CQ*- Chloroquine; *HCQ*- Hydroxychloroquine; *ECMO*- Extra corporeal membrane oxygenationl; *ARDS*- Acute respiratory distress syndrome\*Steroids are commonly used only in combination with tocilizumab or in ARDS patients to improve pulmonary function\*\*Compassionate use of remdesivir

### COVID-19 Pneumonia {#Sec24}

For patients experiencing not only cough and fever but also increased respiratory rate and pulmonary infiltrates, aggressive symptomatic management is required. Such cases should be given broad-spectrum antibiotics to prevent opportunistic pulmonary infections along with adequate oral hydration. For the purpose of reducing pulmonary secretions, Chinese studies have recommended the use of selective M3 blockers as well. Moreover, anti-COVID-19 specific treatment is also recommended at this stage with the use of either lopinavir or ritonavir, if anti-malarials are contraindicated ([@CR2],[@CR81]).

### COVID-19 ARDS and Septic Shock {#Sec25}

Patients with severe pulmonary involvement could progress to the development of acute respiratory distress syndrome (ARDS) and septic shock. These patients should be aggressively shifted to medical emergency/ICU for vital sign monitoring and life support. In addition, respiratory depression should be managed by artificial ventilation either using non-invasive ventilation continuous positive airway pressure (CPAP)/bilevel positive airway pressure (BiPAP) or invasive mechanical ventilation to prevent hypoxemia. Patients with refractory hypoxemia are candidates for extra-corporeal membrane oxygenation. In addition to life support and stabilisation of vitals, cases should be treated with broad-spectrum antibiotics as well as glucocorticoids (to increase pulmonary function). COVID-19 septic shock patients should be administered intravenous crystalloids and vasoactive agents ([@CR2],[@CR80],[@CR81]).

### Recent Advancements in Symptomatic Treatment---Antithrombic Therapy {#Sec26}

With a more in-depth consideration of COVID-19 management, several researchers have observed the manifestation of disseminated intravascular coagulation (DIC) and venous thromboembolism (VTE) in COVID-19 patients with severe pulmonary involvement, evidenced by elevated levels of D-dimer ([@CR82]). This coagulopathy may result in pulmonary thrombosis as well ([@CR83]). To cope with COVID-19-induced coagulopathy, several treatment modalities, *i.e.* conventional DIC treatment options, have been tried. A case series has been reported utilising tissue plasminogen activators (TPA), but among three subjects, only one patient demonstrated a significant improvement in ARDS ([@CR84]). Other treatment options for DIC may also be employed to address the development of secondary diseases, most probably cardiac dysfunction. Aspirin, with its proven cardioprotective effects, is being tested in an NIH clinical trial (NCT04365309) at Xijing Hospital, China ([@CR85]). As entered in phase III clinical trials, enoxaparin is also showing better anti-coagulation among COVID-19 patients experiencing DIC or VTE ([@CR86]).

Convalescent Plasma/Immunoglobulin Utilisation {#Sec27}
----------------------------------------------

The plasma of recovered patients contains immunoglobulins that can be used to treat patients with active viral disease. In 2014, clinical trials were launched by the NIH for the assessment of convalescent plasma therapy against MERS-COV-induced ARDS. However, the results were not satisfactory, and the clinical trial was stopped at phase II (NCT02190799) ([@CR87]). This mode of treatment has also been evaluated regarding African Ebola virus. Moreover, based on knowledge of immunoglobulin responses obtained from trials organised against emerging viral respiratory infections in the last two decades, the FDA has recently given approval for the initiation of clinical trials for the purpose of assessing the efficacy and safety of this mode of therapy in the current pandemic. Recently, a randomized clinical trial was carried out to evaluate the benefits of convalescent plasma in critically ill COVID-19 patients, and they appeared with results showing little or no improvement. Moreover, the duration of disease also not appeared to be shortened by its addition in standard treatment of COVID-19 ([@CR88]). However, there are risks associated with the administration of immunoglobulins, which is why it should be used only for severe or life-threatening COVID-19, according to the FDA advisory board ([@CR89]).

IMMUNIZATION: PIPELINE VACCINES {#Sec28}
===============================

The high rate of person-to-person spread makes this virus extremely contagious. The two most effective ways to alleviate the spread of a pandemic are protective precautionary measures and the use of a vaccine. Following the major concern of our review, vaccination is the mainstay for the prevention of any viral pandemic disease. Most essentially, the vaccine should be required to eliminate the high spread ability of COVID-19, which if not controlled will continue to drive the current pandemic. In order to develop a COVID-19 vaccine, the most commonly opted target is the spike (S) protein anchored around on the membrane of COVID-19 ([@CR50]). Multiple platforms are currently working on vaccine development against COVID-19. Globally, important COVID-19 pipeline vaccination projects are described in Table [V](#Tab5){ref-type="table"}. Currently, the NIH has registered six vaccination trials, conducting in USA, UK and China.Table VEmerging COVID-19 (Pipeline) VaccinesNature of vaccineTarget of vaccinePrincipal developer of vaccineCountryClinical trial statusReferenceDNA Vaccine (INO-4800)Spike (S) ProteinInovio PharmaceuticalsUSAPhase INCT04336410([@CR90])Non-replicating virusSpike (S) proteinUniversity of OxfordUKPhase I/II trialNCT04324606([@CR91])Shenzhen Geno-Immune Medical InstituteChinaPhase I/IINCT04276896([@CR92])Inactivated vaccineEntire virusSinovac Research and Development Co. Ltd.China and BrazilPhase IINCT04352608([@CR93])Wuhan institute of Biological SciencesChinaPhase IChiCTR2000031809([@CR94])mRNA vaccineSpike (S) ProteinModerna, USAUSAPhase INCT04283461([@CR95])Recombinant vaccine (adenovirus type-5 vector)Spike (S) ProteinCanSino BiologicsChinaPhase I clinical trialCompletedNCT04313127([@CR96],[@CR97])Attenuated live vaccineEntire virusSerum Institute of India in collaboration with CodagenixIndia and USAPre-clinical/animal studies([@CR98])*DNA*- Deoxyribonucleic acid; *mRNA*- Messenger-Ribonucleic acid; *S*- spike proteins

CONCLUDING REMARKS {#Sec29}
==================

The alarming WHO statistics about active COVID-19 cases and deaths have already been discussed. Rapid diagnosis and timely management of this deadly infection are the necessary steps required to eradicate the COVID-19 pandemic. The current standard diagnostic approach still has some limitations regarding a lack of robustness and lengthy procedures. Alternate nucleic acid detection techniques including reverse transcriptase loop-mediated isothermal amplification (RT-LAMP) and CRISPR as well as immunoassay-based devices are currently undergoing through approval phase. In addition, there is an urgent requirement for the development of effective drugs as well as vaccines in order to control this deadly pandemic, which is dangerous to the entire global population. The high death rate and unleashed spread of COVID-19 require effective drugs and vaccines as essential tools to limit the explosive spread of this disease. Many entities with already approved indications (repurposing) are being evaluated for COVID-19 treatment. Although inadequate progress has been made in this regard, remdesivir and dexamethasone treatment have led to a cautiously promising response. Moreover, a number of drugs are currently being investigated in clinical trials. In addition, six vaccines are currently being evaluated in clinical trials, but it will require almost a year or more to approve and market the safe and immunogenic vaccine.
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